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ABSTRACT 


Background - Context: Magnesium is an essential intracellular cation involved in many carbohydrate oxidation enzyme reac¬ 
tions and in glucose transporting mechanisms besides its involvement in insulin secretion, binding and activity. Body concentra¬ 
tions of Mg++ lowered by poor glycemic control and may predispose for diabetic complications. 

Objective: To compare the levels of serum magnesium in type 2 diabetes patients with glycemic control, insulin resistance and 
lipid profile. 

Design, setting and patients: 90 type 2 Diabetes patients who are undergoing treatment protocol were followed by a tertiary 
care hospital and the correlation of serum magnesium levels assessed against indicators of glycemic control and insulin resist¬ 
ance. 

Main outcome: Since hypomagnesemia is a prime risk factor for the development of micro and macro vascular complications, 
this study was undertaken to find out the association, if any, between hypomagnesemia, glycemic control, lipid profile and insulin 
resistance. 

The results: A plasma Magnesium concentration of 40 (out of 90) type 2 diabetes patients in our study were below the reference 
range (mean 1.4±0.22 mg %). In patients with hypomagnesemia, the mean Glycated hemoglobin was 9.1 ±1.4%, which was 
130% higher than the mean Glycated hemoglobin value in normomagnesemic patients (6.98±1%) and found significant inverse 
correlationship between GlycatedHb levels and Serum Magnesium levels at a value of -0.713 with a p value less than 0.01 and 
also showed significant correlationship with HOM Air values, Fasting blood glucose, and HDL-C levels and TAG levels. 

Conclusions: There was a high prevalence of hypomagnesemia in patients with T2DM reduces insulin sensitivity and may in¬ 
crease the risk of secondary complications. And there was a direct correlation between HDL-C and Magnesium levels; hence it 
is advisable to periodically monitor plasma Mg++ concentrations in diabetic patients, especially those with other risk factors such 
as alcoholism, familial history of CVD, etc. to reduce future complications. 
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INTRODUCTION 

Diabetes mellitus (DM) is one among the major endocrine 
disorders that affects South Asians in general and Indians in 
particular because of the sedentary lifestyle, socio -economic 
status, ethnicity and the acquired changes in food habits of 
the Indians. Magnesium is the fourth most abundant cation 
in the body and plays an important physiological role as a 
cofactor in various enzymatic reactions involving energy 


metabolism includes carbohydrate oxidation , glucose trans¬ 
porting mechanism of the cell membrane and also involved 
in insulin secretion, binding, and activity. Chronic magne¬ 
sium deficiency has been associated with the development of 
insulin resistance 1 

Homeostatic model assessment for insulin resistance (HO- 
MA-IR) may constitute a useful method for diagnosing in¬ 
sulin resistance as well as to aid the follow-up during the 
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treatment of patients with T2DM and as an indicator of in¬ 
sulin resistance in diabetic patients has been the focus of at¬ 
tention in recent years 2 . Glycosylated hemoglobin (HbAlc) 
measurements are the standard criteria for monitoring long¬ 
term glycemic control and reflect control for the previous 3 
months. The American Diabetes Association (ADA), Euro¬ 
pean Association for the Study of Diabetes (EASD), and the 
International Diabetes Association (IDF) recommend the use 
of HbAlc assay in the diagnosis of T1DM and T2DM 3 . 

Hitherto, very few reports are available from South India and 
more specifically in the region of Trichirapalli, Tamilnadu 
implicating magnesium levels (in serum) glycemic control, 
lipid profile and insulin resistance hence we conducted this 
study. 

Aim & Objectives: The study aims to estimate the levels of 
magnesium in serum in patients with type 2 DM and find out 
any correlation, if any, between magnesium levels in serum, 
glycemic control and Insulin resistance and lipid profile. 

Materials and Methods: Patients with Type 2 DM were the 
subjects for the study. A detailed history of the patient was 
taken and the duration of the disorder documented. Co mor¬ 
bid status and complications of Type 2 DM were also noted. 
The patients were divided into three groups based on their 


glycemic control (Glycated hemoglobin), viz., good control, 
fair control and poor control (n=30 each). Total number of 
Cases (n) = 90. After informed consent blood sample for 
fasting plasma glucose (FPG) and insulin (FPI) serum mag¬ 
nesium, lipid profile and HbAlc (EDTA sample). Biochem¬ 
ical parameters are analyzed in BS380 auto analyzer and 
HbAlc analyzed by NGSP approved method. HOMA-IR 
calculated by = Fasting plasma glucose (mmol/1) x Fasting 
plasma insulin (mlU/1) / 22.5. 

Inclusion criteria: 90 diabetic patients (Type 2) in three 
groups (n=30 each) undergoing rationale drug therapy as per 
the established protocol followed in a tertiary care hospital 
diabetic clinic. 

Exclusion criteria: Type 1 DM, gestational Diabetes, spe¬ 
cific types of diabetes , patients receiving magnesium thera¬ 
py, diagnosed cases of osteomalacia, patients who are on diu¬ 
retic therapy, chronic alcoholics and patients with clinically 
diagnosed / known micro or macrovascular complications . 

Results: Basic demographics - The present study included 
90 patients, 60 males (66.7%) and 30 females (33.3%). The 
mean patient’s age was 50 years. The youngest patient was 
28 years old and the oldest, 82 years old (Fig. 1). The sample 
population had normal distribution of ages. 


Table i: Descriptive Statistics at a Glance 



N 

Minimum 

Maximum 

Mean 

Std. Deviation 

Age (yrs) 

90 

28.00 

82.00 

5 o.i 333 

12.21640 

Fasting Blood Sugar (mg%) 

90 

91.00 

395.00 

156.4667 

53 - 735 H 

Plasma Insulin (mU/ml) 

90 

1.06 

71.05 

H -5953 

13-57439 

Total Cholesterol (mg%) 

90 

110.00 

395.00 

196.2556 

42.75894 

LDL (mg%) 

90 

55.00 

324.00 

132.9444 

38.39779 

VLDL (mg%) 

90 

10.00 

61.00 

25.6667 

10.79430 

HDL (mg%) 

90 

24.00 

66.00 

37.8667 

7-45051 

Triglycerides (mg%) 

90 

40.00 

332.00 

153-4778 

66.91236 

Serum Magnesium (mg%) 

90 

.90 

2.40 

1.7789 

.38321 

GlycatedHb (%) 

90 

4.80 

13.30 

7-9344 

1.63089 

Total Protein 

90 

5.40 

7.90 

6.6156 

■59736 

HOMAIR 

90 

.60 

32.15 

5-4371 

5.13038 

TC:HDL Ratio 

90 

3.30 

8.80 

5.2689 

1.08521 

TAG:HDL Ratio 

90 

1.20 

11.20 

4.1678 

1.98085 

Valid N (listwise) 

90 
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The normal serum magnesium level was considered 
to be between 1.7 to 2.7 mg/dl. Serum magnesium 
levels below 1.7 mg/dl were considered to 
be hypomagnesemia. In the present study, 
hypomagnesemia was detected in 40 patients out 
of 90 (44.4%) which is consistent with earlier 


reports of the prevalence of hypomagnesemia in 
diabetic patients (Fig.2). Pham et al had reported 
hypomagnesemia in 47.7% of non-hospitalized 
patients with diabetes mellitus 4 . Most other studies 
had reported anywhere from 22 to as high as 43% 
prevalence. 


Table 2: Pearson Correlations - Correlation Statistics 




HbAic 

Mg 

TCh 

TAG 

HOMA-ir 

Hb 

Pearson Correlation 

1 

-■713" 

-.025 

.Oil 

.217* 

Aic 

Sig. (2-tailed) 


.OOO 

.819 

■915 

.040 


N 

90 

90 

90 

90 

90 

Mg 

Pearson Correlation 

-■713” 

1 

.114 

-.027 

-.266* 


Sig. (2-tailed) 

.OOO 


.286 

.804 

.Oil 


N 

90 

90 

90 

90 

90 

TC 

Pearson Correlation 

-.025 

.114 

1 

.260' 

.179 


Sig. (2-tailed) 

.819 

.286 


.013 

.092 


N 

90 

90 

90 

90 

90 

TAG 

Pearson Correlation 

.Oil 

-.027 

.260' 

1 

.272** 


Sig. (2-tailed) 

■915 

.804 

.013 


.010 


N 

90 

90 

90 

90 

90 

HOMA-ir 

Pearson Correlation 

.217* 

-.266* 

.179 

.272** 

1 


Sig. (2-tailed) 

.040 

.011 

.092 

.010 



N 

90 

90 

90 

90 

90 


Note: **. Correlation is very significant at p Value > o.oi level (2-tailed). *.Correlation is significant at p Value > 0.05 level (2-tailed). 


We subjected the data obtained from our study to a vigorous 
spearson correlation analysis using SPSS version 19 (IBM, 
Chicago, 2010) and found significant and very significant 
correlations between serum magnesium and other studied 
parameters. A p Value of less than 0.05 is considered sig¬ 
nificant and P values less than 0.01 were considered very 
significant. 

The low serum magnesium value recorded was 0.9 mg%, 
while the highest value was 2.40 mg%. The mean serum 
Mg++ value obtained was 1.77 (±0.38) mg%. Frequency of 
serum magnesium levels with gender (Fig.3). 

Glycated Hemoglobin levels measured in the whole study 
population ranged from 4.8 to 13.3% with a mean of 7.9±1.6 
In patients with hypomagnesemia, the mean Glycated Hb 
was 9.1±1.4%, which was 130% higher than the mean Gly¬ 
cated Hb value in Normomagnesemic patients (6.98±1%). 


Except for one patient, all the rest had elevated Glycated 
Hb values above 5% of HbAlc (Fig.4). The mean fasting 
blood glucose was 156.4±53.7mg% and had a normal dis¬ 
tribution over the study sample population (Fig.5). Plasma 
Insulin levels among patients showed a wide variation in our 
study with a mean of 14.5 and a standard deviation of as high 
as 13.57. The insulin levels were used to calculate the ho¬ 
meostatic model assessment (HOMA) indices that quantify 
Insulin resistance and beta cell function using the follow¬ 
ing formula: HOMA IR = Fasting Plasma Glucose (mg/dl) 
X Fasting Plasma Insulin (mu/L) / 22.5 A mean HOMA IR 
value of 5.4±5.1 mg/dL was obtained from our results (Fig.6) 

When Plasma Insulin was taken into consideration along 
with Glycated Hb and Serum Mg±±, the correlation was 
strengthened by a factor of 12%). When HDL levels were 
correlated with Serum Magnesium, significant direct corre- 
lationship was obtained (Fig. 10) 
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DISCUSSION 

Hypomagnesemia is an important electrolyte abnormal¬ 
ity observed in patients with type2diabetes mellitus. Mag¬ 
nesium depletion is described as the most under diagnosed 
electrolyte abnonnality in current medical practice 5 . In fact, 
the intracellular magnesium deficiency appears to be associ¬ 
ated with an impaired function of several enzymes involved 
in glucose metabolism, which need high energy phosphate 
bonds and thus require Mg as a cofactor 6 and this may lead 
to an impairment in insulin action and worsening of insulin 
resistance in diabetic and hypertensive patients 1 . 

A decreased magnesium status contributes to the develop¬ 
ment of insulin resistance, which in turn attenuates mag¬ 
nesium uptake in insulin-sensitive tissues. Moreover, low 
serum magnesium is a strong, independent predictor of the 
development of type 2 diabetes. In the USA, it has been es¬ 
tablished that 25 to 39 % of outpatient diabetics have low 
concentrations of serum Magnesium and several studies 
have shown lower serum concentrations in type 2 diabetics 
as compared to healthy controls. The results from the Ath¬ 
erosclerosis Risk in Communities (ARIC) study indicate low 
serum Magnesium to be a strong, independent predictor of 
the development of type 2 diabetes 8 . Similar to findings from 
other countries in Europe, Asia and North America 91 °, the 
mean plasma Magnesium concentration was significantly 
lower (overall) in our study population of overt diabetes. In 
the present study, the significant correlation between HOMA 
IR and serum magnesium levels confirms the strong relation¬ 
ship with Insulin resistance (p< 0.05). 

The striking finding in this population was the high corre¬ 
lation of low plasma magnesium concentrations with high 
glycated Hb levels among the diabetic subjects. A plasma 
magnesium concentration of 40 (out of 90) diabetics in our 
study were below the reference range (mean 1.4±0.22 mg 
%), a prevalence of low magnesium status that is similar to 
that reported in type 2 diabetics from outpatient clinics else¬ 
where 11 . Senthil etal observed that hypomagnesemia was pre¬ 
sent in both controlled and uncontrolled diabetic patients 12 . 
Magnesium depletion has a negative impact on glucose ho¬ 
meostasis and insulin sensitivity in diabetics as well as on the 
evolution of complications such as retinopathy, thrombosis 
and hypertension 13 . 

Studies have shown that oral supplementation of magnesium 
chloride improves insulin sensitivity and glucose homeosta¬ 
sis 14 In human type 2 diabetics, Sheehan (1991) 15 found a 
significant inverse con-elation between serum Mg and hyper¬ 
triglyceridemia. In our study, there has been a strong posi¬ 
tive conelationship between serum Mg++ levels and HDL 


levels and negative conelation with triacylglycerol levels 
when taken together attests to the importance of hypomag- 
nesaemia in overall development of metabolic syndrome and 
future complications. And studies have shown that there is a 
direct and significant conelation between HbAlc and cho¬ 
lesterol, triglycerides, LDL-C & VLDL-C and inverse cor¬ 
relation with HDL-C 1617 . 

Increased levels of total cholesterol, triglycerides with Hy¬ 
pomagnesemia are responsible for micro- and macrovascular 
complications in diabetes 18 . And in diabetic patients with 
micro vascular complications had poorer glycemic control 
than patients without micro vascular complications 19 . And it 
is important to note that dietary intake of magnesium from 
food plus supplements has been associated with a decreased 
risk for metabolic syndrome, obesity or overweight, elevated 
blood pressure, and reduced HDL-cholesterol and with low¬ 
er odds ratios with dietary supplements for elevated HbAlc, 
increased waist circumference & C-reactive protein. 20 


CONCLUSIONS 

There was a high prevalence of hypomagnesaemia in pa¬ 
tients with T2DM in our study population. Hypomagne¬ 
semia had shown a significant correlation with age, gender, 
Glycemic control, HOMA IR, triglycerides and HDL cho¬ 
lesterol in our study. Because of a decrease in magnesium 
levels reduces insulin sensitivity and may influence the risk 
of secondary complications, it is advisable in clinical prac¬ 
tice to periodically monitor plasma magnesium in diabetic 
patients, especially those with other associated risk factors 
such as alcoholism, familial history of CVD, etc. If plasma 
Magnesium is low, an intervention to increase dietary intakes 
may be advisable in patients with DM and therapeutic for the 
prevention of future sequelae due to T2DM. 
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RESULTS IN FIGURES 



Age (yrs) 


Figure 1: Frequency of Type 2 Diabetes in relation to age. 
The mean age was 50 (±12) years. The peak age group was 
between 35-55 years. 
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Figure 4: Frequency of glycated hemoglobin levels in our 
study population. 



Figure 2: Frequency of serum magnesium levels in type 2 dia¬ 
betes patient in our study population. 


Gender 




Figure 3: Diabetes Indicators: Glycated hemogglobin (HbAlc). 
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Plasma Insulin (mU/ml) 


Figure 6: Frequency of Plasma insulin in our study. 



HOMAIR 

Figure 9: Serum Magnesium levels correlation with Homeo¬ 
static Model assessment for insulin resistance. 



Glycated Hb (%) 

Figure 7: Glycated hemoglobin correlation with serum Mag¬ 
nesium levels. 



Figure 10: Correlation between HDL-C and serum Magne¬ 
sium levels. 



Figure 8: Correlation of fasting plasma sugar and Magnesium 
levels. 
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